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eceptors of the ACL are supposed to play a considerable role in the proprioceptive feedback sys-
tem of the knee. Our purpose was to observe the condition and number of the surviving
mechanoreceptors in the tibial remnant of the ruptured ACL in human knees.
Method: From April 2009 to January 2014, sixty patients with existing free tibial remnants who
had undergone arthroscopic ACL reconstruction were divided into 4 groups according to the
time of injury. As control, six normal ACL specimens were taken. Specimens were obtained
from ACL tibial remnant and stained by immunohistochemical staining method. The type,
size, and quantity of mechanoreceptors were observed under light microscope.
Result: A total of 92 Ruffini-like corpuscles, 9 Pacini-like corpuscles, 5 unclassified neural end-
ings and free nerve endings were identified via immunohistochemical staining. There were no
statistical differences in the number of mechanoreceptors observed in the five groups
(P¼0.238). Some degenerative changes were observed in Group IV.
Conclusion: The results suggest that the residual mechanoreceptors in the ruptured ACL exhibit
long-term survival and show no obvious signs of withering within 1 year. If the remnant is pre-
served during ACL reconstruction, it may provide a source of graft reinnervation and propriocep-
tive nerve fiber ingrowth, which may contribute to improved proprioceptive function and a
successful clinical outcome.
http://dx.doi.org/10.1016/j.asmart.2016.07.041B0183
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Background: The looped side of the semitendinosus tendon (ST) graft, i.e., the side that is
inserted into the femoral tunnel in ACL reconstruction, appears to be oval rather than round.
To the best of our knowledge, there are no studies published in the literature that present scien-
tific evidence concerning the cross-sectional shape of the ST graft. Furthermore, we hypothesize
the ST graft fits better to the rounded rectangular tunnel than to round femoral tunnel. The pur-
pose of this study was to investigate the cross-section of four-fold ST graft and the contact pres-
sure between the ST graft and the rounded rectangular femoral tunnel or round femoral tunnel.
Materials and Methods: Seven semitendinosus tendons were harvested from fresh-frozen
cadaveric knees. After both ends of the double-fold ST were sutured with a Baseball stitch using
no.2 FiberWire (Arthrex Co., Ltd., Naples, USA), the graft was looped over TightRope (Arthrex
Co., Ltd., Naples, USA) to make four-fold ST graft. The graft tension was set to 30 N.
Aluminum cubes with two types of tunnels containing four-way pressure-sensitive conductive
rubber sensors (vertically and bilaterally) were used to measure the pressure. One was round
(8.16 mm diameter) and another was rounded rectangular (610 mm). The area of both
cross-sections was the same (52.3 mm2). The graft was inserted into the tunnels 15 mm from
the lapel edge and its crease accorded with bilateral sensors.After measuring the pressure, the
ST graft was set in place using UV-curing acrylic resin and UV lump with 30 N tension. The
graft was cut at 7.5 mm and 15 mm from the lapel edge. Photographs of the cross-sections
were analyzed using a computer software to measure the area of the cross-section, the major
and minor axis for the best fitting ellipse of the cross-section and ellipticity (major axis/minor
axis).
Results: In the round tunnel, the mean contact pressure was 287.0± 136.7 gf at bilateral sensor.
However, there was no contact pressure detected by vertical sensor. In the rounded rectangular
tunnel, the mean contact pressure was 260.9± 186.4 gf at bilateral sensor and 352.9± 49.5 gf at
vertical sensor. The cross-section of the graft was not round but oval. Elasticity was 1.25± 0.13
at 7.5 mm, and 1.17± 0.07 at 15 mm from the lapel edge of the graft.
Conclusion: The cross-sectional shape of the four-fold ST graft was not round but oval. The
rounded rectangular femoral tunnel was more fitted for the graft than round femoral tunnel.
http://dx.doi.org/10.1016/j.asmart.2016.07.042B0184
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Introduction: Ankle inversion sprain is one of the most frequent injuries sustained in sports
(Fong et al., 2007). Understanding the injury mechanisms is a key component of preventing
sports injuries (Bahr and Krosshaug, 2005). Computational models of musculoskeletal joints
and limbs can provide useful information about joint mechanics (Liacouras and Wayne,
2007). Validated models can be predictive tools to understand normal joint function and serve
as clinical tools for predicting and helping to prevent sports injuries (Wei et al., 2011). This studyaims to develop and validate a computational model of the foot and ankle to investigate lateral
ligamentous strain in various joint motions.
Methods: A male athlete was invited to participate in this extended study (Fong et al., 2009). His
mid-femur to the foot segments were CT scanned to obtain detailed joint anatomy. The CT
images were imported to MIMICS and meshed as individual solid bodies. These bones were
computationally separated and being assembled in SolidWorks according to the anatomical posi-
tion. Ligaments were represented as linear springs. Ligamentous restraints and motion constraint
were applied to the model. Since toe involvement in inversion sprain is minimal, the phalanges
were neglected in this model.
Ligament strain of the model was validated against a cadaveric study done by our laboratory. In
the cadaver study, specimens were moved from neutral position to a variety of motions: 30
inversion, 20eversion, 50 plantarflexion, 20 dorsiflexion, 30 internal rotation, and
40external rotation. Ligament length of the anterior talofibular ligament, calcaneofibular liga-
ment, and posterior talofibular ligament were measured continuously at every 10 by a digital
caliper. Sensitivity tests were performed using the computational model by modifying all liga-
ment stiffness values by either increasing 25% or decreasing 25%. Continuous motions in three
planes were then simulated with the computational model. Ligament strains in anterior talofib-
ular ligament, calcaneofibular ligament, and posterior talofibular ligament were calculated and
compared to those measured in the cadaver tests.
Results: The ligament strains of the model followed similar trends as those of the cadaver study.
The strain of anterior talofibular ligament increased during plantarflexion, inversion, and internal
rotation. The calcaneofibular ligament strain was under stress in dorsiflexion, inversion, and
internal rotation. The posterior talofibular ligament strain was elongated in dorsiflexion, ever-
sion, and external rotation.
Discussion: The computational model was successfully developed and validated against a
cadaver study. This computational model will be further used to simulate the subject-specific
injury profile in order to estimate the ligament strain during a Grade 1 injury (Fong et al.,
2009). Additionally, this model can also be used in evaluation of an intelligent anti-sprain system
to determine if it is effective in preventing this particular injury, and thus to further optimize the
anti-sprain system.
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Introduction and Aims: Increasingly anchors are used to repair rotator cuff tears, particularly
with more frequent use of mini-open and arthroscopic approaches. Little information exists from
large scale clinical studies comparing outcomes for different anchor types, anchor materials or
the suture configuration employed in rotator cuff repair.
Methods: Between the 1st March 2009 and 31st December 2010 those patients undergoing repair of
either partial or full-thickness tears were recruited by 92 surgeons nationwide. Only patients with
pre-op Flex-SF, Pain scores and Operating day questionnaires were included in this analysis. The
Operating day questionnaire required the surgeon to complete questions including fixation method
(bone tunnels, suture anchors or both), number of anchors, number of margin convergence sutures,
suture pattern (mattress, simple, Mason Allen, Suture bridge/trans-osseous equivalent, modified
Kessler or other) suture pattern (single row/double row) and anchor type. Outcome was assessed
by questionnaires at 6, 12 and 24 months incuding Flex-SF activity score and pain score.
Results: 1383 repairs were analysed. Comparison of the 2 year pain score with the pre-op pain
score allowed calculation of improvement in pain for the different anchor materials. PEEK
anchors (n¼295) improved by 3.47 points on a VAS 0-10 score, titanium (n¼238) 2.89,
PLLA (n¼41) 3.34 and PLDLA (n¼284) 3.13. Comparing PEEK and titanium anchors the
PEEK showed significantly greater improvement in pain score (p<0.001). PEEK also showed
significantly greater improvement than PLDLA (p¼0.03). No difference was seen between
PEEK and PLLA (p¼0.69).
Improvement in Flex-SF score was 15.24 for PEEK, 15.63 for titanium, 16.43 for PLLA and
16.31 for PLDLA. There was no statistically significant difference between the Flex-SF scores.
Tear size was no different for each anchor material.
In contrast tear size varied widely with suture pattern making comparison of different suture con-
figurations difficult.
Outcome for those anchor types implanted more than 50 times will be presented with appropriate
statistical analysis.
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improvement for PEEK anchors compared with titanium (p<0.001) or with PLDLA (p<0.03). These
differences should be considered in anchor selection by the surgeon and indeed by anchor manufac-
turers particularly if a similar pattern is replicated by other multicentre studies currently in progress.
http://dx.doi.org/10.1016/j.asmart.2016.07.044B0191
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Background: Recently, there have been various surgical techniques seeking to preserve the rem-
nants of anterior cruciate ligament (ACL) in the knowledge that these remnant bundles play an
important role in graft healing process, proprioception preservation as well as biomechanical
stability. Surgeons try to preserve ACL remnants maximally for better clinical outcomes of
ACL reconstruction. But remnant preservation technique has a problem like poor arthroscopic
view to search for proper tunnel position. Therefore, we compared clinical results and tunnel
positions between splitting remnant preservation technique, non-splitting remnant preservation
technique and remnant non-preservation technique by three-dimensional computed tomography.
Methods: Between January 2008 and December 2013, 87 patients were enrolled with a minimum
of 1 year follow-up and a postoperative 3D-CT were retrospectively evaluated; 17 reconstructions
were performed without preserving remnants, 50 reconstructions were allotted in split group and 20
reconstructions were operated by non-splitting technique. In the splitting technique, the surgeon
made a longitudinal slit in the ACL remnant tissue using scalpel blade, and then placed the tibial
tunnel guide near the center of ACL footprint. But, in non-splitting technique, the surgeon place the
tibial tunnel guide at posterolateral area of ACL remnant and pull the guide toward center of ACL
foot print in order to preserve more remnant tissues. Quadrant method was used to assess the tunnel
location in 3D-CT. KT-2000 arthrometry and manual laxity test including anterior drawer test,
Lachmann test, Pivot-shift test were evaluated for the analysis of clinical outcomes. IKDC score,
Lysholm score, Tegner activity scale were utilized as functional parameters.
Results: Tibial tunnel position in anterior-posterior position was significantly different between
splitting technique group and non-splitting technique group (splitting vs nonsplitting group;
38.7± 11.1 % vs 44.9± 5.2%; p¼0.001). But, tibial tunnel position in medial-lateral position
and femoral tunnel position was not significantly different between the three groups. There
was no difference between three groups in terms of the clinical outcomes, KT-2000 arthrometry
and manual laxity tests.
Discussion and Conclusion: Tunnel position was different according to the methods of remnant
preserving techniques. The tibial tunnel was placed at a more posterior position in non-splitting
technique compared with splitting technique. Considering the anatomical positions from pre-
vious cadevaric studies, tibial tunnel tended to locate near AM bundle with splitting technique
while with non-splitting technique, tibial tunnel tended to locate near PL bundle tunnel. How-
ever, tunnel positions of both techniques were within anatomic position and both groups have
no significant difference in clinical outcomes. It may be necessary to understand that tunnel posi-
tions could change according to the remnant preserving techniques.
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Background: Anterior cruciate ligament (ACL) disruption is common among athletes and would
lead to compromised knee stability. ACL reconstruction (ACLR) surgery is often the recommen-
ded solution. After surgery, evaluation of knee function is desirable to determine post-surgery
recovery and readiness of return to sport. This may be achieved by static laxity measures using
KT-1000, but assessment of dynamic joint stability by motion analysis system would provide a
more objective and comprehensive evaluation of knee function [1]. Nonetheless, most traditional
motion analysis system requires multi-camera installation which restricts their use in clinical
environment. In this study, we explored the use of a portable and compact motion capture system
- Opti-Knee® (Shanghai Innomotion Inc., China), which provides rapid kinematic measurements
and is intended for clinical use. Tibiofemoral joint kinematics for ACL-deficient (ACLD)
patients during single-leg-hop task was recorded using Optiknee® system before and at different
stages after ACLR surgery to assess kinematic alterations.
Material and Methods: Five ACLD patients were instructed to perform five trials of single-leg-
hop for a 60 cm distance with both arms folded across chest before ACLR surgery and at 6 and
12 months post-surgery. Tibiofemoral kinematics was recorded using Opti-Knee® system, con-
sists of a portable workstation equipped with a high speed camera and two infrared cameras.
Eight reflective markers were placed on the lateral side of thigh and calf, to depict the location
and orientation of femur and tibia. Kinematic data for flexion/extension, adduction/abduction
and internal/external tibial rotation were obtained at 60 Hz throughout the entire motion task.
For data analysis, the period of interest is from initial contact (the frame when any part of the
foot touches the ground) to the end of force absorption phase (maximum flexion immediatelyafter initial contact). The average time period for multiple trials is calculated and subsequently
the trials were normalized. Average peak kinematic variable for injured knee and side to side
difference (injured-contralateral limb) of the kinematic data were quantified at several time
points (before surgery and at 6 and 12 months post-surgery).
Results and Discussion: Single-leg-hop is a common motion task to provoke and detect kine-
matic variations in ACLD knees as compared to contralateral side [2]. Three out of five subjects
exhibited shorter time to stabilization (period from initial contact to maximum knee flexion) for
injured knee after going through ACLR surgery. This observation is in line with recorded
decrease in maximum flexion for subject ACLD104, ACLD106 and ACLD112 after surgery.
Additionally, all five subjects showed increased external tibial rotation for the injured knee as
compared to contralateral side.
Conclusion: Overall, the subjects exhibited shorter stabilization time (mean change: -31%), less
flexion and increased external tibial rotation during single-leg-hop task in post-ACLR surgery
evaluation. These results also independently verified the findings presented in another similar
study conducted using dynamic stereo x-ray imaging [3]. Continuous study with larger sample
size (50 subjects) will be carried out to detect quantitative changes of kinematic parameters in
ACLD subjects, to evaluate functional recovery after ACLR and provide return to sport advice.
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Utilization of portable motion capture system for knee stability assessment in ACL-
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Background: Anterior cruciate ligament (ACL) disruption is one of the most common inci-
dents found in knee injuries, accounting for up to 40% in sports injuries [1]. Serving as the
connective tissue which spans from the femur to the tibia, the ACL plays an important role
to stabilize joint movements by prohibiting the tibia from excessive anterior translation and
rotational movements. Hence, an injury to the ACL is expected to deteriorate knee joint stabil-
ity. Currently, clinical evaluation of knee laxity after an ACL injury mainly involves passive
tests such as Lachman and pivot shift test [1]. These passive tests are influenced by the sub-
jective perception of the assessor and do not correlate well with functional outcomes [2]. Kine-
matic measurement with the use of a motion capture system can serve as a complementary
approach to evaluate knee joint kinematic alterations in ACL-deficient patients. Convention-
ally, motion analysis system is not used in clinical settings due to their stringent requirements
e multiple camera installation, space consumption, and laborious calibration procedures. In
this study, we measured knee kinematic using Opti-Knee®, a portable and user-friendly motion
capture system (Shanghai Innomotion Inc., Shanghai, China), which was developed for clinical
use. The aim of this study is to assess the joint kinematic alterations in ACL injured patients
using a portable motion capture system during a stair descending task, which is often encoun-
tered in daily activities.
Material: A total of 12 healthy subjects and 12 ACL-deficient patients with or without concom-
itant meniscal injuries were included in this study. Tibiofemoral joint kinematics was measured
using Opti-Knee® system. The system consists of a portable workstation fitted with 1 high speed
camera and two infrared cameras approximately 50cm apart on an adjustable arm. Eight reflec-
tive markers were placed on the lateral side of the lower limb along the thigh and calf, depicting
the location and orientation of the femur and the tibia.
Method: Participants were instructed to perform the stair descending task in a reciprocal gait
pattern from a 2-step staircase with 20cm step height. The pace was synchronized to an 80Hz
beat using a metronome. Opti-Knee® was used to record coordinate data from the eight reflec-
tive markers. Before recording the motion task, simple calibration was performed to identify the
essential anatomical landmarks. Three successful trials were acquired for each subject. Knee kin-
ematics for each frame throughout the motion task was calculated from relative changes in geo-
metrical coordinates of the reflective markers compared to the calibrated femur and tibia
coordinate systems. The knee kinematics between two subsequent foot strikes of the test leg
was considered as a complete gait cycle. Paired t-test was used to evaluate kinematic variables
between both limbs within each subject group, whereas independent t-test was used to measure
side-to-side difference between two subject groups. Statistical analysis was conducted using
SPSS with significance level set at 0.05.
Results: Kinematic data for flexion/extension, varus/valgus, internal/external tibial rotation,
anteroposterior translation, and mediolateral translation were obtained and analyzed. Statistically
significant side-to-side difference in internal rotation of the tibia was found between ACL defi-
cient patients and healthy controls, with 6 out of 12 ACL-deficient patients exhibiting higher
internal tibial rotation on the injured side. No significant differences were seen in the other kine-
matic measures and in the control group.
